Objective: A dedicated program with guideline to enhance sepsis care was launched in July 2014 in Emergency Department (ED) of two regional hospitals. The study aimed to evaluate the effectiveness of the interventional program for severe sepsis patients, in antibiotic delivery rate and survival outcome. Methods: It is a beforeand-after interventional study with data from July to December 2013 and August 2014 to January 2015. A dedicated program for severe sepsis patients was introduced in July 2014. The outcome measures were blood culture rate, antibiotic administration rate in ED and mortality. Kaplan-Meier analysis and log-rank test was used for comparison of the survival. Multivariate Cox proportional hazards model was constructed to predict time to mortality adjusted for covariates. Results: 64 patients were included, 31 patients were in the pre-intervention group whereas 33 post-intervention. Both blood culture rate (29% vs 72.7%; p<0.001) and antibiotics administration in ED (38.7% vs 72.7%, p=0.0011) were significantly increased. Survival outcome was significantly improved in patients receiving timely antibiotics in ED (log-rank test p=0.016). Antibiotics administered in ED had hazard ratio of 0.178 (95% CI 0.053 to 0.595; p=0.005) in the Cox Proportional hazard regression model with adjustment of covariates. Age (adjusted odds ratio 1.06, 95% CI 1.01 to 1.12, p=0.033) and initial hypotension (adjusted odds ratio 0.97, 95% CI 0.95 to 0.99, p=0.005) were significant predictors of mortality. Conclusion: A dedicated guideline for severe sepsis management could improve blood culture rate, early antibiotics administration in the emergency department. Patients received early antibiotic had better outcome and survival. (Hong Kong j.emerg.med. 2017;24:123-131) 
Introduction
Sepsis is a medical emergency with high rate of death, complication and cost to the health care system. 1, 2 Patients' outcome hinges on timely delivery of resuscitation, appropriate antibiotics and source control. Since the landmark study in 2001, 3 care for sepsis had evolved. Early treatment with antibiotics was consistently linked with survival in multiple studies. [4] [5] [6] The Surviving Sepsis Campaign Guidelines 2012 stated a grade IB recommendation of antibiotics to be given within one hour of recognition of septic shock. 7 Compliance with the Surviving Sepsis Campaign Guidelines was generally poor in Asia. 8 There were scanty local data and protocol for sepsis management in Hong Kong. 9 The sepsis care in the emergency department (ED) was still suboptimal in Hong Kong. A dedicated program to enhance sepsis care was launched in July 2014 in the ED of two regional hospitals in Hong Kong. This study aimed to evaluate the impact of a dedicated interventional program for severe sepsis management in antibiotic delivery rate. We also identified the risk factors influencing the survival outcome. In addition, the impact of early antibiotic in ED on the survival of patients would be evaluated.
Method

Definitions
Systemic inflammatory response syndrome (SIRS) is clinical syndrome that is a form of dysregulated inflammation. SIRS is defined as two or more abnormalities in temperature (>38 or <36 degree celsius), heart rate (>90 beats per minute), respiration (rate >20 per minute), or white blood cell count (>12x10 9 /L or <4x10 9 /L). Sepsis is defined as presentation of SIRS with presumed aetiology of infection based on clinical evidence. Severe sepsis is s e p s i s -i n d u c e d o r g a n d y s f u n c t i o n o r t i s s u e hypoperfusion. 10 The definition of severe sepsis included existing of one or more of the following criteria: systolic blood pressure <90 mmHg, oxygen saturation <90% on room air, acutely altered mental state, new onset oliguria (<30 ml/hour), acute renal failure with serum creatinine >177 µmol/l, bilirubin >34 µmol/l, platelet <100x10 9 /L, and INR >1.5 or APTT >60s.
Study design and setting
It is a before-and-after interventional study performed in the ED of two regional hospitals in a cluster of Hong Kong. Tuen Mun Hospital had annual attendance of approximately 226,000 in the year 2013/2014, Pok Oi Hospital had attendance of 140,000 in the same period. The intervention was carried out in July 2014. A run-in period of one month was adopted to minimise any carryover effect.
Inclusion and exclusion criteria
Adult patients aged more than or equal to 18 years old, who were managed in the resuscitation room after triaged as category 1 (critical) or 2 (emergent) according to the Hospital Authority triage guideline 11 and fulfilled the definition of severe sepsis were included. Exclusion criteria were those with pregnancy, and terminal disease with advanced directives or a valid Do-Not-Attempt Cardiopulmonary Resuscitation (DNACPR) order.
Situations that caused SIRS without infection, such as burns, trauma, pancreatitis were also excluded.
Data collection
The intervention was commenced in July 2014. Data from July to December 2013 (pre-intervention) and August 2014 to January 2015 (post-intervention) were retrospectively retrieved from the local resuscitation registry and hospital database. Electronic and written patient records were retrieved for analysis. Three individual ED physicians analysed and included patients fulfilled criteria of severe sepsis. Data collected included patients' demographics and past medical health. Organ failure was defined as pre-existing heart failure, liver failure, renal failure or respiratory failure that required medical follow-up and treatment. Other parameters collected included presenting vital signs (first set of documented vital signs), management in ED, presumed septic foci in ED and the final identified culprit microbes. Outcome measures were traced including the ED blood culture rate, antibiotic in ED and the timing, and the patients' survival.
Intervention
A standardised approach for management of patients with severe sepsis was adopted in form of a protocol ( Figure 1 ) in July 2014. The protocol consisted of recommendations on prompt septic workup, haemodynamic support, time and choice of empirical antibiotic. Workflow including preparation of all-inone sepsis kit, antiseptic swab-sticks and investigation shortcuts in computer system was adopted. Series of training sessions for doctors and nurses were conducted. Regular audits were carried out for enhancement of compliance.
Outcome parameters
The outcomes measured were blood culture rate, antibiotic administration rate in ED and in-hospital mortality. In-hospital mortality was death of all causes during the index admission. Patients who were discharged alive were deemed survivors. Time of antibiotics delivered was documented in each case. Time to antibiotics was the duration between the registration time at the ED and the time of antibiotics delivered by the nurse. 
Statistical analysis
Categorical variables were expressed as percentages while continuous variables were expressed as mean and standard deviation for variables with normal distribution, median and interquartile range for variables with skewed distribution. Categorical data were analysed with Chi-square test or Fisher's exact test where appropriate. Continuous variables were compared with independent sample t-test or MannWhitney U tests depending on the distribution. The ED blood culture rate and antibiotic delivery rate were reported for the pre-and post-interventional period, and compared accordingly.
To explore the relationship between antibiotic delivery rate in ED and the survival outcome, appropriate univariate analysis was conducted for various predictors. Kaplan-meier survival curves were plotted to illustrate the survival, and compared with the logrank test. Relevant predictors were entered to the Cox proportional hazard regression model to assess the effects of various covariates on survival. Hazard ratios and confidence intervals were reported along with their p value. To test the proportional hazards assumption, we examined the correlations of Schoenfeld residuals and the log minus log plots. For the appropriate functional form of continuous covariates, we plotted martingale residuals from the model against continuous covariate.
Binominal logistic regression was modelled to predict the eventual outcome if patients would be survived and discharged from the septic episode. Delivery of antibiotic in ED and other potential confounding variables were entered and controlled. Adjusted odds ratios along with their confidence intervals and p values were reported. Model calibration and goodness-of-fit were assessed by Hosmer-and-Lemeshow test. Model discrimination was evaluated by plotting the predicted probability to predict the outcome in a receiveroperating-characteristic (ROC) curve. The area under the ROC curve and the corresponding 95% confidence interval were calculated. 
Results
Sixty-four patients with severe sepsis were included. There were 31 patients in the pre-intervention group, whereas 33 in the post-intervention. After the implementation of the standardised protocol and interventions, both blood culture rate (29% vs 72.7%, p=0.001) and antibiotic administration in ED (38.7% vs 72.7%, p=0.011) were significantly increased (Table  1) . There was no significant difference in terms of mortality, where the severity of sepsis and other confounders were not controlled.
The characteristics and univariate comparisons of the outcome of the patients were listed in Table 2 . The mean age was 68. The patients were male predominated (73.4%). The overall mortality rate was 29.7%. The non-survivors were older (mean age 76.9 vs 63.5) and more dependent in activities of daily living (26.3% vs 6.7%) than the survivors. Death group had more hypotension of systolic blood pressure <90 mmHg (63.2%) compared with the survived group (31.1%). The common sources of infection were respiratory and urinary. This was similar among the survivors and nonsurvivors. Duration of survival improved in patients received timely antibiotics in ED as shown in the Kaplan-Meier survival curves (logrank test p=0.016) (Figure 2 ).
Relevant variables were entered into binominal logistic regression for confounding control (see Table 3 ). Age (adjusted OR 1.06, 95% CI 1.01 to 1.12, p=0.033) and initial presentation of hypotension (adjusted OR 0.97, 95% CI 0.95 to 0.99, p=0.005) were two significant independent and strong predictors of mortality. ICU admission (adjusted OR 0.187, p=0.183) and antibiotics in ED (adjusted OR 0.246, p=0.103) were clinically important, but the statistical significance To obtain an effect size of a binary variable with odds ratio of 0.3, 4 the sample would achieve 46.2% power with the logistic regression. Power analysis for the Cox regression was conducted with 5% level of significance, 30% baseline mortality, and hazard ratio of 0.3 for variable of interest. Sixty-four observations could achieve 79% power. 
Discussion
Our study illustrated the association between antibiotics administration within one hour and improvement in survival. Kumar's study published in 2 0 0 6 i n v o l v i n g 2 7 3 1 p a t i e n t s s t a t e d t h a t administration of antimicrobial within the first hour of hypotension was associated with a survival rate of 79.9% and each hour of delay in antimicrobial administration was associated with decrease in survival of 7.6%. 14 Gaieski's study with 261 patients showed time to antibiotics within one hour was a significant determinant of mortality with odds ratios 0.3. 4 The mortality rate of 29.7% reconfirmed that severe sepsis remained a critical life threatening condition. This rate was similar to that reported in recent literatures. 1, 5, 6, 12 We investigated the time-dependence in the Cox's proportional hazards model. Our results reinforced that mortality in sepsis treatment was timedependent, and early antibiotics improved survival. In Logistic regression model predicting mortality, antibiotics administration did not reach statistical significance. The possible reason why in our study, antibiotic in ED was shown to be significant predictor of survival in Cox model but not logistic regression, would be higher sensitivity of Cox model in detection of time-related predictors (as shown by the power analysis), and the limited sample size of our study. Clinical significance was clearly demonstrated with adjusted OR 0.246 which translated into 75.4% decrease in mortality. This was similar to previous studies. 4, 13 Dr. Paul Ehrlich's statement about sepsis in the last century still held true: "hit hard and fast".
14 Studies had shown that mortality of sepsis was time-dependent. 4, 13 Tackling severe sepsis in a "Time is Life" fashion as in acute ischaemic stroke and myocardial infarction should be advocated, especially in the golden first hour.
Since 2001, early-goal directed therapy EGDTinvasive-monitoring with aggressive management to specified targets optimising oxygen delivery to tissueshad been pointed as the key to beating sepsis. 3 Recent studies reinforced concerns that in the management of sepsis EGDT may not be more effective than usual care. 12, 15, 16 Consensus guideline emphasized on early recognition of sepsis with source control, appropriate timely antibiotics and resuscitation providing adequate organ perfusion.
Ageing and co-morbidities predisposed patients having atypical or late presentations. Our study showed age and initial hypotension were significant predictors of mortality as these were often associated with late presentation of sepsis. Host response towards infection played a key role. 2 For example a young adult with sepsis might present early with fever, while an elderly with multiple co-morbidities present late with altered mental state or hypotension. Elderly, often with comorbid illnesses, immunocompromised states, repeated hospitalisations with increased antimicrobial exposure, had increased propensity accumulating multidrug-resistant organisms. Age was shown an independent predictor of mortality (odds ratio 2.26) in Martin's study published in 2006 involving over 10 million patients with sepsis in the US over the period of 24 years. 17 In our study, the odds ratio of age was only 1.059. This could be due to the improved healthcare in the elderly in these two decades. Changes during the past decade, including the use of lower haemoglobin levels as a threshold for transfusion, the implementation of lung-protection strategies, and the use of tighter control of blood sugar, may helped lower the overall mortality. 15 Once again, our sample size was small, the effect of age might not be fully reflected when adjusted with other confounding factors.
Technology in Point-of-care test such as rapid blood analser, handheld ultrasound helped the recognition of sepsis and resuscitation reassessment. With advancement in technology and scientific evidence on sepsis care, the antibiotic administration rate remained low. The problem lied in translating treatment knowledge into practice. Barriers to adherence to clinical guidelines had been categorised into three areas: knowledge, attitudes and behavior. 18 With training sessions with doctors and nurses, streamlining workflow logistics, we might achieve positive impact in the attitude. System factors such as over-crowding and busy environment may have negative impact on staffs' attitude and lead to delay in diagnostic testing. A survey conducted in emergency departments in the United States concluded that one of the barriers to implementing time-sensitive resuscitation to patients with severe sepsis was shortage of staffs. 19 Future policy focusing overcoming the barriers would play an important role.
We demonstrated local data on severe sepsis outcome in Hong Kong. In our study, the pre-intervention antibiotic administration rate was low (38.7%). Guideline implementation was associated behavioral changes of physicians with more antibiotics given (72.7%). This echoed the findings in both local and international studies. 9, 20 Treatment for severe sepsis required a significant amount of coordination among the care team, all within a short time. Guideline helped in streamlining medical care, by reducing variability in the care delivered by different individuals, and decreasing errors of both omission and commission. However, the one quarter of severe sepsis patients in the post-interventional period did not receive early antibiotic. Thus would need further explored for the underlying reasons or barriers to maximise the implementation and enhancement of patients' outcome. In our study, the apparent increase of mortality from 25.8% to 33% after implementation of interventions was associated with more patients with severe septic shock in the post-interventional period (as demonstrated in Table 1 ) and the relatively small sample size of the study.
We illustrated effective implementation of the guideline for severe sepsis was feasible, there was associated change in clinical behavior, improved quality of care and survival outcome of patients with severe sepsis.
Limitations
As a retrospective study, the reported data were subjected to information bias. The adjusted odds ratios and hazard ratios of survival may be biased with residual confounding due to missing data or predictors of outcome. We separated our analysis into demonstration of effect of guideline and interventions on the rate of early antibiotic delivery, and the effect of early antibiotic on mortality. We had not analsed the direct effect of guideline and interventions on the mortality outcome due to limited sample size and statistical power, which resulted in more complex interpretation. We included patients managed in resuscitation room only, our study may be subjected to selection bias where patients fulfilled criteria of severe sepsis but not managed in the resuscitation room. Compliance with the guideline was imperfect.
The sample size was small and it might not fully reflect the sepsis care throughout Hong Kong. In addition, we did not analse the appropriateness of the antibiotics, fluid responsiveness or adequacy of resuscitation.
Conclusion
A dedicated program with standardised protocol in ED can improve blood culture rate, early antibiotics administration, and hence, survival of patients with severe sepsis.
